Introduction
The investigations of traveling wave solutions for nonlinear evolution equations NLEEs play an outstanding role in analysing nonlinear physical phenomena. In the recent past, a wide range of methods have been presented to establish analytical solutions for nonlinear partial differential equations PDEs , such as the Backlund transformation method 1 , the inverse scattering method 2 , the homogeneous balance method 3 , the Hirota bilinear transformation method 4 , the Jacobi elliptic function expansion method 5-7 , the generalized Riccati equation method 8 , the tanh-coth method 9-11 , the F-expansion method 12, 13 , the direct algebraic method 14 , the Cole-Hopf transformation method 15 , the Expfunction method 16-23 , the Adomian decomposition method 24 , the homotopy analysis method 25 , the bifurcation method 26, 27 , and others 28-40 .
Wang et al. 42 solutions for the fifth-order KdV equation by using this method. Hamad et al. 54 studied higher-dimensional potential YTSF equation to obtain analytical solutions via the same method. Naher et al. 55 applied this powerful method to construct traveling wave solutions of the higher-dimensional modified KdV-Zakharov-Kuznetsev equation. In 56 , Naher and Abdullah were concerned about the same method to obtain exact solutions for the nonlinear reaction diffusion equation whilst in 57 they investigated the combined KdV-MKdV equation for constructing traveling wave solutions by applying this method and so on.
Many researchers studied the 2 1 -dimensional modified Zakharov-Kuznetsov equation by using different methods. For instance, Khalfallah 58 The significance of this work is that the 2 1 -dimensional modified ZakharovKuznetsov equation is considered to construct many new exact traveling wave solutions including solitons, periodic, and rational solutions by applying the improved G /G -expansion method. 
Description of the Improved G /G -Expansion Method
Consider the general nonlinear partial differential equation Step 1. Consider the traveling wave variable
where C is the wave speed. Now using 2.2 , 2.1 is converted into an ordinary differential equation for b α
where the superscripts indicate the ordinary derivatives with respect to α. Step 2. According to possibility, 2.3 can be integrated term by term one or more times, yielding constant s of integration. The integral constant may be zero, for simplicity.
Step 3. Suppose that the traveling wave solution of 2. where p0, ±1, ±2, . . . , ±w , λ, and μ are constants.
Step 4. To determine the integer w, substitute 2.4 along with 2.5 into 2.3 and then take the homogeneous balance between the highest-order nonlinear terms and the highest-order derivatives appearing in 2.3 .
Step 5. Substitute 2.4 and 2.5 into 2.3 with the value of w obtained in Step 4. Equate the coefficients of G /G r , r 0, ±1, ±2, . . . and then set each coefficient to zero and obtain a set of algebraic equations for p0, ±1, ±2, . . . , ±w , C, λ, and μ.
Step 6. By solving the system of algebraic equations which are obtained in Step 5 with the aid of algebraic software Maple, and we obtain values for p0, ± 1, ± 2, . . . , ±w , C, λ and μ. Then, substitute the obtained values in 2.4 along with 2.5 with the value of w to obtain the traveling wave solutions of 2.1 .
Applications of the Method
In this section, we have studied the 2 1 -dimensional modified Zakharov-Kuznetsov equation to construct new exact traveling wave solutions including solitons, periodic solutions, and rational solutions via the improved G /G -expansion method. 
The (2+1)-Dimensional Modified Zakharov-Kuznetsov Equation
where H is an integral constant that is to be determined later. Taking the homogeneous balance between b 3 and b in 3.3 , we obtain w 1. Therefore, the solution of 3.3 is of the form
where p −1 , p 0 , and p 1 are constants to be determined. Substituting 3.4 together with 2.5 into 3.3 , the left-hand side of 3.3 is converted into a polynomial of G /G r , r 0, ±1, ±2, . . . . According to
Step 5, collecting all terms with the same power of G /G , and then setting each coefficient of the resulted polynomial to zero, yields a set of algebraic equations for simplicity, which are not presented for p −1 , p 0 , p 1 , C, H, λ, and μ. Solving the system of obtained the algebraic equations with the help of algebraic software Maple, we obtain three different values.
Case 1. We have
where λ and μ are free parameters.
Case 2. We have
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Case 3. We have
Substituting the general solution equation 2.5 into 3.4 , we obtain three different families of traveling wave solutions of 3.3
Family 1 hyperbolic function solutions . When λ 2 − 4μ > 0, we obtain
3.8
If U and V take particular values, various known solutions can be rediscovered. For example,
ii if V 0 but U / 0, we obtain
3.10
iii if U / 0, U > V , we obtain
12
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Family 2 trigonometric function solutions . When λ 2 − 4μ < 0, we obtain
3.12
3.15
Family 3 rational function solution . When λ 2 − 4μ 0, we obtain
Family 4 hyperbolic function solutions . Substituting 3.5 , 3.6 , and 3.7 together with the general solution equation 2.5 into 3.4 yields the hyperbolic function solution equation
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where α x y λ 2 − 4μ t,
3.19
where α x y λ 2 8μ t. Again, substituting 3.5 , 3.6 , and 3.7 together with the general solution equation 2.5 into 3.4 , we obtain the hyperbolic function solution equation 3.8 , then using 3.10 , we obtain the following exact solutions, respectively if V 0 but U / 0 ,
3.22
Moreover, substituting 3.5 , 3.6 , and 3.7 together with the general solution equation 2.5
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where
3.25
Family 5 trigonometric function solutions . Substituting 3.5 , 3.6 , and 3.7 together with the general solution equation 2.5 into 3.4 yields the trigonometric function solution equation 3.12 , and then using 3.13 , we obtain the following solutions, respectively if U 0 but V / 0 ,
where α x y − 4μ − λ 2 t,
3.28
where α x y − −8μ − λ 2 t.
Also, substituting 3.5 , 3.6 , and 3.7 together with the general solution equation 2.5 into 3.4 yields the trigonometric function solution equation 3.12 , and then using 3.14 , our solutions become, respectively if V 0 but U / 0 ,
3.31
Furthermore, substituting 3.5 , 3.6 , and 3.7 together with the general solution equation 2.5 into 3.4 yields the trigonometric function solution equation 3.12 , and then using 3.15 , our obtained traveling wave solutions, become respectively if U / 0, U > V ,
Family 6 rational function solutions . Substituting 3.5 , 3.6 , and 3.7 together with the general solution equation 2.5 into 3.4 , we obtain the rational function solution equation 3.16 , and our wave solutions become, respectively if λ 2 − 4μ 0 ,
where α x y λ 2 8μ t.
Results and Discussion
It is worth declaring that some of our obtained solutions are in good agreement with alreadypublished results, which are presented Table 1 . Moreover, some of the newly obtained exact traveling wave solutions are described in Figures 1, 2 
Graphical Representations of the Solutions
The graphical presentations of some solutions are depicted in Figures 1-14 with the aid of commercial software Maple.
Conclusions
In this paper, the improved G /G -expansion method is implemented to investigate the nonlinear partial differential equation, namely, the 2 1 -dimensional modified ZakharovKuznetsov equation. We have constructed abundant exact traveling wave solutions including solitons, periodic, and rational solutions. Moreover, it is worth stating that some of the newly obtained solutions are identical with already-published results, for special case. The obtained solutions show that the improved G /G -expansion method is more effective and more general than the basic G /G -expansion method, because it gives many new solutions. Consequently, this simple and powerful method can be more successfully applied to study nonlinear partial differential equations, which frequently arise in engineering sciences, mathematical physics, and other scientific real-time application fields.
